Recently, several immunosuppressive 2-pyrones, multiforisins A-I from Gelasinospora multiforis, 1a,b) G. heterospora, 1b) and G. longispora, 1b) and macrophin from Diplogelasinospora grovesii, 1c) a macrocyclic sesterterpene, kobiin, and three 2-furanones, kobifuranones A-C from G. kobi, 1d ) and a hexaketide, sordarial, from G. heterospora 1b) and G. longispora, 1b) have been isolated in our screening program on immunomodulatory components from fungi. Successively, it was found that the defatted AcOEt extract of an Ascomycete, Microascus tardifaciens, appreciably suppressed the proliferation (blastogenesis) of mouse splenic lymphocytes stimulated with mitogens, concanavalin A (Con A) and lipopolysaccharide (LPS). A solvent partition followed by repeated chromatographic fractionation of the extract guided by immunosuppressive activity afforded eight constituents, tentatively named MT-1 (1) --8 (8). This report deals with the structures and immunosuppressive activities of these constituents recently isolated from M. tardifaciens.
pled aromatic protons, a hydrogen-bonded hydroxyl, four aromatic quaternary carbons, three aromatic quaternary carbons bearing oxygen, and two ketone carbonyls in 1 ( Table  1) . These structural units were connected by the aid of 1 H-detected heteronuclear multiple-bond correlation (HMBC) NMR data to construct a whole molecular structure (1) , which was equal to the structure of questin [emodin (9) 8-Omethylether] isolated from Penicillium frequentans 3) and many other fungi. 4) MT-1 was identified with the authentic sample of questin (1) by direct comparison (Chart 1).
MT-2 (2), a fine red powder, C 16 H 12 O 6 , was positive to the FeCl 3 reaction. The 1 H-NMR spectrum of 2 was quite similar to that of 1 except for the additional appearance of a signal due to a hydrogen-bonded OH at d 13.07 (s) instead of the disappearance of that due to H-4, as well as a change of that due to H-2 from d 7.13 (d) to d 7.26 (s), indicating that MT-2 might be 4-hydroxyquestin (2) . This was also supported by the 13 C-NMR spectral data (Table 1) . namely, 1, 4, methylanthraquinone, has previously been isolated from Aspergillus cristatus and named rubrocristin.
5) The UV and electron impact (EI)-MS spectral data of MT-2 were similar to those of rubrocristin (2) and the 1 H-NMR spectral data of the 6-acetyl derivative of MT-2 was quite similar to that of rubrocristin-6-acetate (10) described in the literature (Table 1) , 5) indicating that MT-2 is identical with 2 (Chart 1). , optically active pale yellow prisms, was positive to the FeCl 3 reaction. The 1 H-and 13 C-NMR spectral data (in DMSO-d 6 ) suggested the presence of a methyl, five aliphatic methylenes, three aliphatic methines bearing oxygen, two aromatic protons meta-coupled with each other, four aromatic quaternary carbons among which two bore oxygen, one ester carbonyl, and a hydrogen-bonded hydroxyl in 4 ( Table 2 ). These structural units were connected on the basis of HMBC NMR data to build up a whole molecular structure (4) (without stereochemistry), which was equal to the structure of an antifungal metabolite, cladosporin (asperentin) isolated from Cladosporium cladosporioides 6a) and Aspergillus flavus.
6b) Comparison of the 1 H-and 13 C-NMR data, melting point, specific rotation ([a] D ), EI-MS, UV, and circular dichroism (CD) spectral data of MT-4 with those of cladosporin described in the literature 6a,b) showed that MT-4 is identical with cladosporin (4), including stereochemistry (Chart 2). The absolute configurations at positions 3, 10, and 14 in 4 were already determined to be (R), (R), and (S), respectively.
6c) , an optically active pale yellow powder, was negative to the FeCl 3 reaction. The 1 H-and 13 C-NMR spectra of 5 were quite similar to those of 4, except for the additional appearance of signals due to a methoxyl [d H 3.74 (3H, s) , d C 55.54 (q)], instead of the disappearance of that due to a hydrogen-bonded OH-8 ( Table 2 ), suggesting that 5 might be 8-O-methylether of 4. On treatment with trimethylsilyldiazomethane, 4 afforded dimethylether (11), which was also obtained from 5 with the same treatment. Accordingly, MT-5 was deduced to be identical with cladosporin (asperentin) 8-O-methylether (5), which was already isolated from Aspergillus flavus.
6b) It has been found that the signals of H-3 and C-3 in the 1 H-and 13 C-NMR spectra are present at d Table 2 and Experimental). These differences between the 1 H-and 13 C-NMR spectra, [a] D , and CD spectrum of 4 and those of 5 may be due to the difference between the con- Table 1. 1 H-NMR and 13 C-NMR Data for MT-1 (1) and MT-2 (2), and 1 H-NMR Data for 6-Acetyl MT-2 (10) and Rubrocristin-6-acetate Chart 1 formation of the B ring strained by the presence of a hydrogen bond between HO-8 and CO-1 in 4 and that unstrained by the absence of such a hydrogen bond in 5, as shown in Chart 2.
MT-6 (6), an optically active pale yellow powder, C 24 H 31 N 3 O 2 , was positive to the Van Urk reaction, 7) suggesting the presence of an indole skeleton in 6. The 1 H-and 13 C-NMR spectral data of 6 (in DMSO-d 6 ) showed that 6 is composed of seven partial structures, a) 2,3,5-trisubstituted indole (C 8 H 4 
-CH 2 CH(NH)-, f ) ϾCO, and g) ϾCO. Then, the partial structures d-g were connected with the aid of HMBC NMR data to obtain an expanded partial structure, h) 3-methyl-6-methylene-2,5-dioxopiperazine. Finally, the four partial structures a, b, c, and h were united on the basis of detailed HMBC NMR data to construct a whole molecular structure (6) [cyclo-alanyl-5-isopentenyl-2-(1Ј,1Ј-dimethylallyl)tryptophan] (without stereochemistry). The constructed structure (6) was similar to the structure of echinulin [cyclo-L-alanyl-5,7-diisopentenyl-2-(1Ј,1Ј-dimethylallyl)-L-tryptophan] (12), a 2,5-dioxopiperazine isolated from Aspergillus echinulatus and other Aspergillus glaucus group fungi. 8a) This was also supported by the 1 H-NMR spectral data of 12 described in the literature.
8b) It is already known that 12 gave a similar molecular rotation ([f]) in the optical rotatory dispersion (212)) in the ORD spectrum to those of 12 (Ϫ15500°(238), ϩ19950°(216)) and 13 (Ϫ27200°(230), ϩ46250°(214)), as described in the literature, 8c) indicating that the stereostructure of MT-6 was de- 
Chart 3 duced to be cyclo-L-alanyl-5-isopentenyl-2-(1Ј,1Ј-dimethylallyl)-L-tryptophan (6), as shown in Chart 3.
MT-7 (7), an optically active pale yellow powder, C 24 H 31 N 3 O 2 , was positive to the Van Urk reaction. The 1 Hand 13 C-NMR spectral data of 7 indicated that signals due to the isopentenyl group at position 5 and the aromatic CH at position 7 in 6 were substituted with those of an aromatic CH and an isopentenyl group in 7, respectively (Table 3) , suggesting that MT-7 might be cyclo-alanyl-7-isopentenyl-2-(1Ј,1Ј-dimethylallyl)tryptophan (7) . The fact that MT-7 gave a similar [f] ([f] (nm): Ϫ28200°(232), ϩ27500°(215)) to that of 6 indicated that the stereostructure of 7 was deduced to be cyclo (7) have been isolated from a natural source. We propose to call 6 and 7 tardioxopiperazines A and B, respectively.
-L-alanyl-7-isopentenyl-2-(1Ј,1Ј-dimethylallyl)-Ltryptophan (7) (Chart 3). To our knowledge, this is the first time that cyclo-L-alanyl-5-isopentenyl-2-(1Ј,1Ј-dimethylallyl)-L-tryptophan (6) and cyclo-L-alanyl-7-isopentenyl-2-
MT-3 (3), a white powder, was positive to the FeCl 3 reaction. The 1 H-and 13 C-NMR data suggested the presence of a methyl, an aliphatic methylene bearing oxygen, an aromatic CH, five aromatic quaternary carbons, and an ester carbonyl. These structural units were united by the aid of HMBC NMR data to construct a whole molecular structure (3), being compatible with the molecular ion m/z 180 in the EI-MS spectrum. The whole molecular structure (3) was equal to the structure of 5,7-dihydroxy-4-methylphthalide isolated from Aspergillus flavus. 9) Comparison of the 1 H-NMR data, melting point, and UV spectrum of MT-3 with those of 5,7-dihydroxy-4-methylphthalide described in the literature 9) showed that MT-3 was deduced to be identical with 5,7-dihydroxy-4-methylphthalide (3) (Chart 4).
MT-8 (8) was optically active and positive to the FeCl 3 reaction. The 1 H-and 13 C-NMR data showed the presence of a tert-methyl, a methoxyl, two aliphatic methylenes, three aromatic protons among which two were meta-coupled with each other, an aliphatic quaternary carbon bearing oxygen, seven aromatic quaternary carbons among which three bore oxygen, and a ketone carbonyl in 8. A whole molecular structure (8) was constructed for MT-8 from these structural units on the basis of HMBC NMR data. The whole molecular structure (8), supported by the molecular ion m/z 288 in the EI-MS spectrum, was equal to the structure of asperflavin isolated together with 3 from Aspergillus flavus. 9) However, the appearance and specific rotation of MT-8 (greenish amorphous, ϩ89°) were considerably different from those of asperflavin described in the literature (citrine prism, ϩ4°), 9) Table 4. 1 H-NMR and 13 C-NMR Data for MT-3 (3), 5, suggesting that MT-8 (8) may be an optically active state of partially racemized asperflavin. The immunosuppressive activities (IC 50 values) of 1-9 and 11 were calculated against Con A-(T-cells) and LPS-induced (B-cells) proliferation of mouse splenic lymphocytes, as shown in Table 5 . Two anthraquinones, 1 and 2, which were isolated as main immunosuppressive features from M. tardifaciens, considerably suppressed the proliferation of both T-and B-cells, as well as emodin (9) . The immunosuppressive activity of 9 has already been demonstrated on human mononuclear cells. 10) To our knowledge, this is the first time that 1 and its 4-hydroxy derivative 2, and 4 and its 8-O-methylether (5) (7) suppressed them only slightly. The immunosuppressive activities of 3-5, 8, and 11 were low in comparison with the immunosuppressive activities of two known immunosuppressants, cyclosporin A (IC 50 against Con A-and LPS-induced proliferations: 0.04 and 0.07 mg/ml) and azathioprine (2.7 and 2.7 mg/ml).
Experimental
The general procedures for chemical experiments and other experimental conditions, including those for the evaluation of suppressive activity (IC 50 values) of samples against the proliferation of mouse splenic lymphocytes stimulated with Con A and LPS, were the same as those described in our previous report (this method is based on the incorporation ratio of exogenous [
3 H]thymidine into lymphocytes or the formation ratio of formazan from exogenous 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) in lymphocytes).
1b) Chemical shifts are expressed in d (ppm) values from tetramethylsilane (TMS) as an internal standard.
Isolation of MT-1(1)--8(8) from M. tardifaciens M. tardifaciens IFM4564
2) was cultivated on sterilized rice (200 g/flaskϫ300) at 25°C for 27 d. The brown colored moldy rice was extracted with AcOEt (60.0 l) with shaking at room temperature for 6 h two times to give an AcOEt solution (120.0 l), which gave, after evaporation in vacuo, an AcOEt extract (37.8 g). The AcOEt extract was partitioned with n-hexane-H 2 O (1 : 1, v/v) (2.0 l) into an n-hexane layer (after evaporation in vacuo, 29.1 g) and an aqueous suspension, which was then partitioned with AcOEt (1.0 l) into an AcOEt layer (7.0 g) and an aqueous layer (0.14 g). The n-hexane, AcOEt, and aqueous layers suppressed the Con A-induced proliferation of mouse splenic lymphocytes by 41, 99, and 74% at 50 mg/ml, and by 4, 64, 11% at 10 mg/ml, respectively. The AcOEt layer was subjected to chromatography on a silica gel column with n-hexane-acetone (4 : 1), (2 : 1), (1 : 1) , and acetone to give four fractions: I (2.9 g), II (0.93 g), III (2.0 g), and IV (1.1 g). Fractions I, II, III, and IV suppressed the Con A-induced proliferation of the lymphocytes by 28, 72, 64, and 49% at 10 mg/ml, respectively. Fraction II was further chromatographed on a silica gel column with C 6 H 6 -AcOEt and on a Sephadex LH-20 (Pharmacia) column with MeOH to give three fractions, IIa-IIc. Fraction III was also further chromatographed in the similar way to give four fractions, IIIa-IIId. A mixture of fractions IIb and IIIc (67 mg) was then chromatographed on a silica gel column with CHCl 3 -MeOH and on an octadecyl silica gel (ODS) column with CH 3 CN-H 2 O to afford 1 (6 mg) and 2 (2 mg). Fraction IIa (276 mg) was also chromatographed on a silica gel column with CHCl 3 -MeOH two times, on a Sephadex LH-20 column with MeOH, and successively on a high performance liquid chromatographic (HPLC) ODS column with CH 3 CN-H 2 O (1 : 1) at a flow rate of 8.0 ml/min to afford 4 (54 mg) and 3 (13 mg). Fraction IIIb (960 mg) was chromatographed on an ODS column with MeOH-H 2 O to give three fractions, IVa-IVc. Fraction IVb (91 mg) was chromatographed on preparative TLC plates with n-hexane-AcOEt (1 : 5) and on an HPLC ODS column with CH 3 CN-H 2 O (3 : 7) at a flow rate of 8.0 ml/min to afford 5 (14 mg) and 8 (16 mg). Fraction IVc (296 mg) was further chromatographed on a silica gel column with CHCl 3 -MeOH, on an ODS column with CH 3 CN-H 2 O, and successively on an HPLC ODS column with CH 3 CN-H 2 O (1 : 1) to give 6 (9 mg), 7 (9 mg), and 5 (12 mg).
MT-1 (1) (Questin): Fine yellow needles from EtOH, mp 297-299°C (lit.
3) bright-yellow needles, mp 301-303°C 
